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A r e f r i g e r a t i o n  sys tem u t i l i z i n g  l i q u i d  n i t r o g e n  a s  t h e  r e f r i g e r a n t  
was d e s i g n e d ,  f a b r i c a t e d ,  and t h e n  i n s t a l l e d  aboard  a  b o a t  which was ou t -  
f i t t e d  £01: s h r i m p i n g  i n  Gulf; Coas t  a r e a s .  Shrimp were  t h e n  c a u g h t ,  pro- 
! 
cessecl and s t o r e d  i n  a n  on-board r e f r i g e r a t i o n  box which was d e s i g n e d  as 
a r e c e p t a c l e  f o r  t h e  f r e s h l y  caught: shrinip.  L i q u i d  n i t r o g e n  v7as i n t r o d u c e d  
i n t o  t h e  box i n  c o n t r o l i e d  amounts ~ \ lh ich  weye s u f f i c i e n t  t o  m a i n t a i n  t h e  
t e m p e r a t u r e  of t h e  sh r imp between 2 8 ' - 3 2 " ~ .  
Tempera tu res  of t h e  i n t e r i o r  of t h e  box and of t h e  shr imp were  111011-- 
I 
i t o r e d  and r e c o r d e d .  Shrimp which were s t o r e d  i n  i c e  f o r  t h e  same p e r i o d  I 
of t i m e  s e r v e d  a s  t h e  c o n t r o l .  Comparison s t u d i e s  were  l~iade between t h e  
- + 
c o n t r o l  and t h e  l i q u i d  n i t r o g e n  s t o r e d  shr imp u s i n g  s t a n d a r d  p l a t e  c o u n t ,  
t o t a l  c o l i f  orms, f e c a l  and coagul-ase p o s i t i v e  + 
Sta~h&ococcus  a u r e u s  as c r i t e r i a  f o r  i n d i c a t i o n  of s p o i l a g e  and contami- 
- 
n a t i o n .  
The d a t a  which were  c o l - l e c t e d  duri-ng t h e  t e s t  p e r i o d  d e ~ ~ ~ o n s t r a t e d  t h e
s u p e r i o r i t y  of l i q u i d  n i t r o g e n  s t o r a g e  o v e r  c o n v e n t i o n a l  i c e  s t o r a g e .  With 
t h e  L i q u i d  n i t r o g e n  systeru,  temperature.  o f  t h e  shrinlp xqas n ia in ta ined  a t  a  
. .  
INTRODUCTION 
There has  been a  r e c e n t  i n t e n s i f i c a t i o n  of i n s p e c t i o n s  by t h e  
United S t a t e s  Food and Drug ~ d n l i n i s t r a t i o n  of shrinip ca t ches  which has  
r e s u l t e d  i n  an  inc reased  nuniber of s e i z u r e s .  High b a c t e r i a l  counts ,  
brought  about  by a n t i q u a t e d  r e f r i g e r a t i o n  techniques ,  have r e s u l t e d  i n  
many mi.l.lions of d o l l a r s  worth of shrimp be ing  r e j e c t e d  by t h e  F.D.A.,  
and t h i s  has  posed a s e r i o u s  econontic t h r e a t  t o  t h e  5-ndustry. 
Shrirnp t r a w l e r s  o r d i n a r i l y  f i l l  t h e i r  ho lds  w i t h  i c e  purchased a t  
dockside,  and s t o r e  i t  i n  ho lds  u n t i - l  i t  i s  needed. However, t h i s  poses 
problems from bo th  t h e  economj-c and s a n i t a t i o n  s t andpo in t s .  I c e  is  
expens ive  t o  buy and h a u l .  Because of t h e  we5ght and bulk of i c e ,  t h e  
v e s s e l  must, of n e c e s s i t y ,  be  much l a r g e r ,  and, t h e r e f o r e ,  more expen- 
s i v e  t o  o p e r a t e  t han  would be t h e  c a s e  i f  i c e  were n o t  r equ i r ed  a t  a l l ,  
The c o s t  of i c e  r e p r e s e n t s  a  r a t h e r  l a r g e  inves tn~ci l t  t o  t h e  shrimper ,  
and t h i s  i s  a  f i x e d  c o s t  t o  him r e g a r d l e s s  of t h e  s i z e  of h i s  ca tch .  
Larger  t r a w l e r s  sonietinles r e p l a c e  i c e  s t o r a g e  wi th  convent iona l  r e f r i g e r -  
a t i  on systems.  Th i s  too ,  i nvo lves  cons idernbl  e  expense wi th  regard  t o  
i n s t a l l a t i o n  ancl ope ra t ing  c o s t s ,  a s  w e l l  a s  t h e  cos t  of t h e  space  taken 
up by such a  system. 
It i s  indeed un fo r tuna te  t h a t  i c e  s t o r a g e  has reulained s o  p r e v a l e n t  
i n  t h e  shsiruping i n d u s t r y ,  s i n c e  i t  h a s  proven t o  be  conducive t o  poor 
q u a l i t y  shrirnp  whet^ no t  u t i l i z e d  c o r r e c t l y .  According t o  F i ege r  ( I ) ,  t h e  
shrinip a r e  placed i n  b i n s  i n  t h e  hold of tlie v e s s e l .  The usual  p r a c t i c e  
i s  t o  p l a c e  a l t e r n a t e  l a y e r s  of i c e  f o u r  t o  s i x  inches  i n  t h i ckness ,  ancl 
shrimp two t o  f o u r  inches  i n  t h i ckness .  Except f o r  aclding i c e  a s  needed 
a t  t h e  s i d e s  and f r o n t  of t h e  b i n s ,  t h e  cargo  i s  n o t  d i s t u r b e d  u n t i l  
unloaded a t  t h e  r e c e i v i n g  house. I n  c a s e  exces s ive  mel t ing  of i c e  occurs ,  
t h e  sllrinip a r e  removed from t h e  b i n  and re - iced  a s  desc r ibed  above. 
Th i s  method of s t o r i n g  shrimp on board t r a w l e r s ,  a l though convenient  
from t h e  p o i n t  of view of t h e  crew, has  s e v e r a l  i n h e r e n t  d i sadvantages .  
The wa te r  from t h e  upper l a y e r s  of me l t i ng  i c e  p e r c o l a t i n g  down through 
' the mass c a r r i e s  b a c t e r i a  from t h e s e  l a y e r s  which a r e  added t o  t h e  b a c t e r -  
i a l  l oad  of t h e  lower l a y e r s .  Due t o  t h e  weight  of t h e  i c e  on t h e  shrimp, 
cons ide rab le  c rush ing  of shrimp i n  t h e  lower l a y e r s  occurs .  This  crush- 
in!, i n  a d d i t i o n  t o  t h e  h igh  b a c t e r i a l  count ,  h a s t e n s  decomnposition and 
spoil-age of t h e  shrimp (2 ) .  On a r r i v a l  a t  t h e  doclis t h e  shr-imp a r e  un- 
loaded,  a f t e r  having  been s t o r e d  on t h e  t r a w l e r  f o r  s e v e r a l  days under 
t h e s e  cond i t i ons ,  and a r e  o f t e n  i n  p r e l i ~ l i i n a r y  s t a g e s  of decomposi t ionj  
I t  was t h e  o b j e c t i v e  of t h i s  ir;+estigati.on t o  develop a x e f r i g e r a t i o n  
system which would overconle t h e  p rev ious ly  mentionecl economic and s a n i -  
t a t i o n  s l ~ o r t c o m i i ~ g s  of i c e  s t o r a g e  and conventional.  r e f r i g e r a t i o n ,  b u t  
which was s imple  t o  o p e r a t e  and main ta in .  Such a  systenl  u t i l - i z i n g  l i q u i d  
n i t r o g e n  (L,N ) a s  t h e  r e f r i g e r a n t  was chosed clue t o  t h e  fo l lowing  2 
advantages:  
1. LN h a s  inc reased  g r e a t l y  i ~ i  a v a i l a b i l i t y  and has  consecluent1.y ; 2 . . decreased i n  c o s t  t o  i t s  p r e s e n t  leve l .  of appProxri~nately $40/ ton.  . 
. . 
2.  1,N has  a  tenlperature of l b 6 0 ~ .  (-320°F.) p e r m i t t i n g  t h e  des ign  ' 2 
of an unusual.ly conlpact r e f r i g e r a t i o n  s y s  tern. 
3 ,  I f  no s h r i ~ n p  a r e  caught ,  t h e  systcrll i s  n o t  pu t  i n t o  ope~:a t ion ,  
and no r e f r i g e r a ~ l t  i s  used except  f o r  t h e  n e g l i g i b l e  amouni 
. 
wllich nlay be l o s t  from t h e  t a l~ l i .  
4 .  N e i t h e r  Ll? nor  gaseous n i t r o g e n  i s  f l a n i ~ ~ ~ a b l e  o r  exp los ive .  2 
5 .  Upon vapor. izat ion,  t h e  gaseous n i t r o g e n  r e p l a c e s  t h e  a i r  sur rounding  
t h e  shrimp, and r e t a r d s  t h e  growth of a e r o b i c  niicroorganisrus, a s  
w e l l  a s  p reven t ing  any o x i d a t i v e  reac t ior l s  which a r e  colnnion i n  shrimp. 
6. The systeni conta ined  only t.i.70 moving p a r t s ,  i . e . ,  an e l e c t r i c a l l y  
ope ra t ed  s o l e n o i d  va lve ,  and pneumat ica l ly  a c t u a t e d  microstr i tch i n  
t h e  tempera ture  s ens ing  probe.  
7. By changing t h e  s e t t i n g  of t h e  tempera ture  c o n t r o l l e r  t o  a  lower 
reading ,  t h i s  system could be  u t i l i z e d  f o r  f l a s h  f r e e z i n g  and/or  
f r o z e n  s t o r a g e  of f i s h  and s h e l l f i s h .  
The p h y s i c a l  and o p e r a t i o n a l  c h a r a c t e r i s t i c s  of l i q u i d  n i t r o g e n  f o r  
0 
u s e  i n  a  r e f r i g e r a t i o n  systerii were i n v e s t i g a t e d  (Table  I ) .  A r e f r i g e r a t i o n  
box was designed w i t h i n  t h e  space  l i m i t a t i o n s  i.rnposed by t h e  s i z e  of t h e  
26 f o o t  J-boat  supp l i ed  by t h e  General  E l e c t r i c  Conq>any l o c a t e d  a t '  t h e  
NASA N i s s i s s i p p i  T e s t  F a c i l i t y ,  Bay S t .  Louis ,  Mi . ss i ss ipp i ,  where t h i s  
i n v e s t i g a t i o n  was conducted. It was found t h a t  a  box of dimensions 
2S"x20"x28" ( I m x h )  was adequate  t o  r e f r i g e r a t e  100-150 l b s .  shr imp,  
* and, a t  t h e  same t ime S i t  i n t o  t h e  l i m i t e d  space  aboarcl t h e  v e s s e l .  The 
. . 
box was cons t ruc t ed  of I/[[ ill. s h e e t  aluminum, and was i n s u l a t e d  w i t h  2 i n .  
t h i c k  styrofoain i n s u l a t i o n  which was protectecl on t h e  o u t s i d e  by a p l a s -  
t i c i z e d  f a b r i c .  A cover  f o r  t h e  box was a l s o  c o n s t r u c t e d  from t h e  same 
mater-5 a l s  (F igures  1 and 2) . 
- 
Due t o  t h e  extremely 1017 t empera ture  of t h e  r e f r i g e r a n t  a s  d e l i v e r e d  
t o  t he  box, s t a i n l e s s  s t e e l  1 / 4  i n ,  t ub ing  ~ 7 a s  u t i l i z e d  f o r  a l l  r e f r i g e r a n t  
4 
c a r r y i n g  l i n e s .  The l i n e  xrhich was w i t h i n  t he  box i tsel f ,  i nco rpo ra t ed  
two o u t l e t  j e t s  3/16 i n .  i n  d i ame te r ,  and t h i s  l ine was a t t a c h e d  t o  t h e  
s i d e s  of t h e  box 3 i n .  from t h e  top .  The i n l e t  of th5.s l i n e  was connected 
t o  a  12 V . D . C .  powered sol.enoid v a l v e  which was, i n  t u r n ,  a t t a c h e d  t o  a  
l / f t  i n .  i n s u l a t e d  s t a i n l e s s  s tee l  l i n e .  Th i s  l i n e  exteucled 7 f e e t  t o  i t s  . 
connec t ion  a t  t h e  LN tank .  The lengt l l  of t h e  e x t e r n a l  l i n e  was d i c t a t e d  2 
by t h e  space  a v a i l  a b i l i t y  aboard t h e  b o a t .  A p r e s s u r e  r e l i e f  v a l v e  was 
. .. 
i n s t a l . l e d  a t  t h e  o u t l e t  of t h e  LN tanli, ancl p revented  t h e  l i n e  p r e s s u r e  2 
fro111 exceeding 95 p s i .  
The a d d i t i o n  of a  16  T t .  shririly t rawl  and a s s o c i a t e d  boards  c o ~ l ~ l e t e d  
the  o u t f j  t t i n g  of t h e  shr imping v e s s e l .  
TAELE 1 
PIIYSICAL PROPERTIES OF L I Q U I D  NITROGEN 
L a t e n t  h e a t  of vapoxiz 'a t ion a t  b o i l i n g  p o i n t  
p, tu/lb,  ----- --------- ----- --------------  .----.------.-..- 86.00 
S e n s i b l e  h e a t  (gas  t o  30°F. ) Btu/l.b. ---------------------.--------- 87.50 
Total- h e a t  t o  3 0 ' ~ .  , B t u / l b ,  ---------- --- 1.73.50 
L i q u i d  d e n s i t y  a t  b o i l i n g  p o i n t ,  1.b. /cu.  f t .  --------------- 50.44 
Gas d e n s i t y  a t  O°C. 1 atm, l b .  /cu .  f  t .  ----------.----.-------.----- 0 .08  
S p e c i f i c  volume, s t a n d a r d  c o n d i t i o n s ,  cu. ft./lb.----------- 1 3 . 8 0  . 
S p e c i f i c  h e a t  r a t i o  (K) - a t  ?O°F. 1 a t m . ,  
R - c p / ~ k  -----------------------.-------.-----------. -. --------I ---- 1.40 
S p e c i f i c  h e a t ,  c o n s t ,  p r e s s u r e  a t  70°F. ---------------------.-----.- ' 0 . 2 5  
S p e c i f i c  h e a t ,  c o n s t ,  vo lume a t  7 0 " ~ ~ -  ...-.. ------.---- -.------------ 0.1.8 


Upon coniple t ion of t h e  mount ing of t h e  u n i t  aboarcl t h e  J - b o a t ,  t e s t  
r u n s  were  c a r r i e d  o u t  i n  o r d e r  t o  t e s t  t h e  sys tem f o r  s a f e t y ,  and t o  
check o u t  t h e  s h r i m p i n g  g e a r  f o r  e a s e  of o p e r a t i o n .  
Thermocouples,  which  ere connec ted  t o  a  6 c h a n n e l  a m p l i f i e r - r e c o r d e r ,  
were  p l a c e d  a t  v a r i o u s  l o c a t i o ~ ~ s  th roughout  t h e  empty box a t  d o c k s i d e  t o  
m o n i t o r  t e m p e r a t u r e s  reached  a t  each  o f  t h e s e  l o c a t i o n s .  One thermocouple  
w a s  p l a c e d  o u t s i d e  t h e  box t o  moni to r  ambient  t e m p e r a t u r e .  The amount o f  
LN u s e d  . i n  a g i v e n  t ime  i n t e r v a l  was de te rmined  by p l a c i n g  t h e  t a n k  on a  2 
p l a t f o r m  s c a l e ,  and r e c o r d i n g  t h e  w e i g h t  d i f f e r e n c e .  The p a r a ~ n & e r s  of t h e  
I 
i 
empty box  a r e  shown i n  T a b l e  2. ; 
Tra1~7l.ing f o r  sh r imp w a s  begun J u n e  5, 1969 ,  and was conducted i n  t h e  
o f f - s h o r e  s l i r imping g r o u ~ ~ d s  o f Lake Eorgne,  and i n  a n  a r e a  of t h e  P e a r l  
R i v e r  inuiiediately n o r t h  of i t s  mouth. 
As sooil a s  t h e  n e t s  were  empt ied o n t o  t h e  deck  of t h e  b o a t ,  t h e  shr imp 
(Penaeus  -- s e t i f  e r u s  and Penaeus  duoarum) were  c u l l e d  f  roni t h e  t r a s h  f i s h ,  
--- 
washed w i t h  s e a  w a t e r ,  and were  i lninediately p l a c e d  i n t o  s t a i n l e s s  s t e e l  
-. 
, . 
b a s k e t s  i n  t h e  r e f r i g e r a t i o n  box where t h e y  were  coo led  do.il.11 t o ,  and main-- 
t a i n e d  a t  a t e m p e r a t u r e  of 2 8 " - 3 2 " ~ .  
I n i t i a l l y ,  t h e  shr imp c a u g h t  were v e r y  s m a l l  i n  s i z e ,  and were  n o t  
t r u l y  r e p r e s e ~ ~ t a t i v e  of shr imp s o l d  i n  r e t a i l  mar l te ts ,  b u t  by t h e  second 
week of  J u l y ,  t h e y  had  r e a c h e d  s u f f i & i e n t  s i z e  a s  t o  b e  comparable  t o  t h a t  
p r o d u c t  x ~ h i c h  r e a c h e s  t h e  consumer. 
A t  t -h is  t ime,  t h e  thermocoupl.es v c r e  a g a i n  p l a c e d  i n  t h e  box a t  t h e  
C .' 
same 1ocat:i.ons a s  b e f o r e ,  and t e s t s  vre~re conductccl o v e r  a  4 8  h o u r  p e r i o d  
t o  detel-mine t e m p e r a t u r e s  at- t h e s e  l o c a t i o n s  i n  t h e  box w i t h  1.00 pounds of 
f r e s h l y  caught-, cleheaded shr imp.  L i q u i d  n i t r o g e n  usage  was a g a i n  r e c o r d e d  
(Tab le  3 ) .  A s  a  cont-1-01, a n  e q u a l  quan t - i ty  of sh-~-iml-, was s t o r e d  i n  i c e  Tor 
TA3LE 2 
PARALWTERS IBCOXDED W I T E i  BOX EETY 
Temperature of Opera t ing  Average t ime 
Load i n  Box Thermocouples P re s su re"  b / Solenoid Open LN Consumption ( I b s .  ) '4&5 (OF.) a/ ( p s i )  Temperature C o n t r o l l e r  - ( sec .  ) 21bs. / h r .  
S e t t i n g  Locat ion f r o = -  
Min . Max. (OF) bottom ( i n . )  
a/ ~he rmocoup le s  4 and 5 were l o c a t e d  i n  a r e a s  of t h e  box which wovid cbn ta in  shrimp when loaded 
- 
51 h n b i e n t  tempera ture  ranged from S0-S5°.F. when t e s t s  were conducted 
- 
, . 
TEXI'ERATURES AT VARIOUS LOCATIONS I N  EOX CONTAINING 
100 POUXDS SEUMP a /  
- 
Thermocouple 
Number b / - Temperature (OF.) 
a /  Operat ing pressure--50 p s i . ;  Temperature c o n t r o l l e r  s e t  a t  30'3'. and l o c a t e d  23 i n .  from 
7 
bottom of box; LX consunption--6 l b s .  ? e r  hour;  I n i t i a l  t enpe ra tu re  of shrimp--83OF. 2 
Hours a f t e r  P l ac ing  100 Lbs. Shrimp i n t o  Box 
b /  Loca t ion  of thermocouples a r e  a s  fo l l cws :  
- 
G I  I n l e t  s i d e  of s o l e n o i d  v a l v e  
# 2  L e f t  o u t l e t  i n s i d e  box 4 
#3  Right  o u t l e t  i n s i d e  box 
1/4 Center  and 20 i n .  from bottom of box 
#5 Center  and 9 i n .  from bottom of 30x (bu r i ed  i n  c e n t e r  l a y e r  of shrimp) 
JL : r 6  Ambient tempera ture  ( o u t s i d e  box) 
4 8 
Win. Max. 
0 . 1  
- 
Xin. Max. 
I I I I 
0.5 1 -L 7 5 1 12 24 
Xin. Nax. h in .  Max. /Win. Max. Win. Max. Min. Hax. 
t h e  same per iod  of t ime.  A t  t h e  end of t h e  48 hours ,  samples from t h r e e  
d i f f e r e n t  a r e a s  of t h e  LN box were a l ~ a l y z e d  For t o t a l  p l a t e  count ,  t o t a l  2 
c o l i f  orrns, f e c a l  E ,  - -  c o l i  'and coagulase p o s i t i v e  Staphylococcus -- aureus .  
Samples from t h r e e  l o c a t i o n s  i n  t h e  i c e  were a l s o  analyzed f o r  t h e  above, 
and t h e  r e s u l t s  were colnpared wi th  those  of t h e  LN 2 r e f r i g e r a t e d  samples 
MICROBIOLOGICAL CONE'ARISONS BETWEEN SHRINE' MAINTAINED AT 
2 8 " - 3 2 " ~ .  EY ICE STORAGE AND LN2 EFRIGEIlnTION 
ivI icrobiologica1 
C r i t e r i o n  Y ~ e ; h o f a , ~ -  
I c e  LNZ 
Sample number a/ 
- 
T o t a l  2 o l i f o r m s  
F e c a l  E. c o l i  
- -  
1 2 3 
I 
Coagulase  p o s i t i v e  
S t z a h .  a u r e u s  --- --- ---- --- --- --- 
-I I 
4 5 ' 6 
a /  Sample 1 t a k e n  f rom t o p  l a y e r  o f  shr imp 
- 
S a n p l e  2 t a k e n  f rom c e n t e r  l a y e r  of shr imp 
Sample 3 t a k e n  f rom bo t tom l a y e r  o f  shr imp 
Semplc 4 t a k e n  f r o m  u p p e r  p o r t i o n  of box  
S m p l e  5 t a k e n  f r o n  c e n t e r  p o r t i o n  of box 
S a n p l e  6 t a k e n  f rom bo t tom p o r t i o n  of box  
I 
S t a n d a r d  ( t o t a l )  1 
p l a t e  coun t  - b /  8 .0  8 . 5  13.0  3.5 2 . 1  3.1 
I 
b /  Counts, e x p r e s s e d  X l o 3  o r g a n i s n s / g r a m  shr imp 
- 
c /  I n d i c a t e s  none p r e s e n t  
- 
P\ESULl'S &ID DISCUSS I O N  
I t  wa.s a p p a r e n t  f rom t h e  d a t a  i n  T a b l e  2  t h a t  t h e  f o l l o w i n g  con- 
d i t i o n s  b e  met i n  o r d e r  t o  o b t a i n  maximum e f f i c i e n c y  f o r  t h e  system: 
. 1. O p e r a t i n g  pressure--50 p s i .  
2 .  Temperature  s e n s i n g  p r o b e  1 -oca t ion  i n s j  d e  box-23 i n .  above bo t tom 
c e n t e r  of box. 
3. S e t t i n g  of t e m p e r a t u r e  c o n t r o l l e r - - 3 0 ' ~ .  
These coriclitions w e r e  de te rmined  t o  b e  i d e a l  s i n c e  t h e  t e m p e r a t u r e  i n s i d e  
t h e  box  was m a i n t a i n e d  a t  28 ' -32 '~ .  , which  i s  s l i g h t l y  above t h e  f r e e z i n g  
p o i n t  of shr imp ( 2 8 ' ~ . ) .  Under t h e s e  c o n d i t i o n s ,  t h e  1,N c o n s u n ~ p t i o ~ ~  2. 
proved t o  b e  lower  t h a n  w i t h  any o t h e r  combina t ion .  It i s  q u i t e  l i k e l y  
t h a t  t h e  p o s i t i o n i n g  of t h e  t e m p e r a t u r e  sensj -ng p r o b e  is  t h e  niost c r i t i c a l  
a d j u s t m e n t  of t h e  t h r e e ,  s i n c e  t :en~peratures  had a wide  v a r i a t i o n ,  and 
t ended  t o  r e a c h  extren1el.y 1 0 ~ ~ 7  minimuln_s, when i t  was pl-aced low i n  t h e  box  
( 9 . i n .  From t h e  b o t t o m ) .  
T a b l e  2 shows , t e m p e r a t u r e s  a t  v a r i o u s  l o c a t i o n s  i n  t h e  box con ta in i .ng  
100 pounds shr imp,  I n i t i a l l y  t h e  box t e m p e r a t u r e  and anibient t e m p e r a t u r e  
were  t h e  same, however,  w i t h i n  5  m i n u t e s  a f t e r  t h e  s o l e n o i d  v a l v e  opened 
and i n t r o d u c e d  t h e  I,@ i n t o  t h e  box, t h e  t e n i p e r a t u r e s  measured by thernio-- 2 
c o u p l e s  4 and 5  shor.~ed s u b s t a n t i a l  d r o p s  i n  t e m p e r a t u r e .  A f t e r  30 n i inu tes ,  I I 
I 
t h e  t e m p e r a t u r e  i n  t h e  c e n t c r  of t h e  l a y e r  (the]- noc couple 5) had dropped t o  I I 
n e a r  f r e e z j n g ,  w h i l e  t h c  t e m p e r a t u r e  of thermocouple  4 l o c a t e d  a p p r o x i m a t e l y  
1 i n .  above t h e  t o y  l a y e r  of shrirnp r e g i s t e r e d  s l i g h t l y  below t h e  f r e e z i n g  
p o i n t  o f  sh r imp,  
At one h o u r ,  t h e  t e m p e r a t u r e  measured a t  t h e  box o u t l e t s  r e g i s t e r e d  
h i g h e r  t h a n  h j d  been p r e v i o u s l y  n o t e d .  T h i s  was due t o  t h e  " f l a s h i n g "  
. 
of'LN which occurred in te r in i . t t en t ly  dur ing  t h e  t e s t .  \?hen t h e  LN 2 2 
f l a s h e d  through t h e  o u t l e t s ,  t h e s e  ther~nocouples  read  -320°F., b u t  a& 
o t h e r  ti-mes when only gas was be ing  emi t ted ,  a  reacliilg of -265OF. was 
noted .  
Temperature equ i l i b r ium was reached between 30 minutes  and 1 hour 
a f t e r  t h e  t e s t  was begun. This  was determined by t h e  s t a b i l i t y  of read- 
i n g s  from ther~nocouples  I t  and 5 by t h e  t ime 1 hour had e l apsed .  
The mic rob io log ica l  s t u d i e s  showed SPC (stzandard p l a t e  count)  nui~ibers 
t o  be  defini.t:el.y h i g h e r  i n  t h e  s111:imnp s t o r e d  i n  i c e  t han  i n  t h e  LN re-  2 
3 
. . 
f r igera tec l  shrimp. The lor.7est count (8.5~1.0 ) obta.i.nec1 wi th  t h e  i c e  
s t o r e d  sanlples was considerabl-y h ighe r  ' than t h e  h i g h e s t  count  f o u l ~ d  w i t h  1 
I 
3 
t h e  IAN2 samples (3.8x1.0 ) . It i s  a l s o  i n t e r e s t i n g  t o  n o t e  t h a t  t hose  I 
samples of shrimp s t o r e d  i n  t h e  upper l a y e r  of s l l r i~np hacl lower SPC c o u i ~ t s  
s-. *A 
t.11a11 d i d  those  i n  the '  bottom l a y e r s .  T o t a l  co l i forms ,  fecal.  - E.  -- c o l i ,  and 
' coagulase p o s i t i v e  Staph.  aureus  were n o t  founcl i n  t h e  shrimp t e s t e d .  I 
< .  1 I
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